Abstract. The present study examined whether bufalin could induce human esophageal carcinoma ECA109 cells apoptosis via inhibiting the activation of mechanistic target of rapamycin (mTOR)/p70 S6 kinase (p70S6K) pathway is discussed in this article. The present study used the esophageal squamous cell carcinoma ECA109 cell line to assess the apoptosis-inducing effects of bufalin via inhibition of the mTOR/p70S6K pathways. A plasmid containing the wild-type mTOR gene (wtmTOR) was transfected into ECA109 cells. The levels of p70S6K, phosphorylated (p)-p70S6K, cellular inhibitor of apoptosis-1 (cIAP-1) and Bcl-2-associated death promoter (BAD) in ECA109 cells were examined by western blot analysis, and apoptosis was detected by flow cytometry analysis and Giemsa staining. The results revealed that the expression of p-p70S6K was increased as the time progressed (at 0, 12 and 24 h), and then decreased at 30, 36, 42 and 48 h after transfection. The expression of cIAP-1 was significantly decreased as time progressed following the addition of bufalin, whereas that of BAD was increased. The levels of p-p70S6K and cIAP-1 were significantly higher in the wtmTOR-transfected group than in the control and empty vector-transfected groups, and then reduced following addition of bufalin; however, BAD expression was significantly lower in the wtmTOR-transfected group. The results of flow cytometry revealed the cell cycle of ECA109 was arrested at G 2 /M phase and the apoptotic rate was significantly lower in the wtmTOR-transfected group than in the control and empty vector-transfected groups, and then increased following addition of bufalin. In conclusion, the findings of the present study demonstrated that bufalin induced apoptosis in esophageal carcinoma cells via the inhibition of the mTOR/p70S6K pathway and indicated that treatment with bufalin could be combined with chemotherapy to overcome the resistance of esophageal carcinoma cells to chemotherapeutic-induced apoptosis.
Introduction
Esophageal carcinoma, which including squamous cell carcinoma (SCC) and adenocarcinoma, is a common serious malignancy worldwide; it ranks eighth in incidence and fourth in mortality of all cancer types owing to its extremely aggressive nature and the poor survival rate of patients (1) (2) (3) . The genesis of esophageal carcinoma is a gradual process that combining variety of carcinogenic factors and multiple stages, which includes various physical and chemical factors, the abnormal activation of signaling pathways, disequilibrium of apoptosis regulation and anti-apoptotic signaling. All of these changes result in the loss of normal regulatory mechanisms of cells, culminating in over-proliferation, which leads to the occurrence of cancer (4) .
Bufalin is a cardiotonic steroid and a component of the traditional Chinese medicine, Chansu, which is obtained from the skin and parotid venom gland of toads (5) . Owing to the similarity in the chemical structure between bufalin and digoxin, bufalin is expected to have a digoxin-like function (5, 6) . Bufalin has been shown to induce apoptosis in leukemia and solid tumor cells (5) (6) (7) (8) (9) (10) . In recent years, studies have revealed that bufalin could effectively inhibit the proliferation of tumor cells, and also assessed its possible molecular mechanism (6) (7) (8) . The results of previous research also demonstrated that bufalin could inhibit the activation of ERK pathway, accordingly inhibit the proliferation and migration of esophageal carcinoma cells (11) ; however, the mechanism of inducing apoptosis has remained unclear.
Data has revealed that the RAC serine/threonine-protein kinase (Akt)/mechanistic target of rapamycin (mTOR)/p70 S6 kinase (p70S6K) pathway broadly exists in every cell of organism (12, 13) . This pathway is often irregularly activated in the genesis and development of tumor (12) (13) (14) . Aberration of upstream signaling causes the phosphorylation of p70S6K,
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carcinoma ECA109 cells by inhibiting the activation of the mTOR/p70S6K pathway inhibits apoptosis, increases cell proliferation, produces abnormal translation of protein and induces tumor formation. Inhibition of mTOR can prevent the phosphorylation of p70S6K, inhibit the translation of protein, prevent cell cycle progression and induce cell apoptosis (15) . On the basis of previous studies (15) , the present study transfected human esophageal carcinoma ECA109 cells with wild-type mTOR (wtmTOR) and the changes to p70S6K, phosphorylated (p)-p70S6K, Bcl-2-associated death promoter (BAD) and cellular inhibitor of apoptosis-1 (cIAP-1) protein were detected. The present study investigated the biochemical mechanisms of apoptosis by bufalin in human esophageal carcinoma cells. The current study assessed the influence of bufalin on ECA109 cell apoptosis, and attempted to reveal the function of gene intervention on development of tumor, and provide novel guidance for the clinical treatment of esophageal carcinoma.
Materials and methods
Cell lines. The human ESCC ECA109 cell line was purchased from Academia Sinica (Shanghai, China Giemsa staining. ECA109 cells were treated with 60 nmol/l bufalin for 48 h, and the cells were collected and put on the slides. The slides were then rinsed with sterile water and stained with freshly prepared Giemsa stain solution (Giemsa: phosphate=1:9; BDH Chemicals; Merck KGaA) for 5 min at room temperature. Following three washes in sterile water, the cells were examined for morphological changes using a light microscope at x400, magnification. Statistical analysis. All data are presented as the mean ± standard deviation. Significant differences among the groups were determined by one-way ANOVA followed by Newman-Keuls method of post-hoc comparison. All results presented were obtained from at least three independent experiments. The statistical analyses were performed using SPSS 13.0 (SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to indicate a statistically significant difference. (Fig. 3A) . However, p-p70S6K was significantly higher in wtmTOR-transfected group compared with the control and empty vector groups, and then reduced following addition of bufalin for 2 h (0.761±0.085, 0.766±0.068, 0.952±0.059, 0.762±0.019; P<0.05; Fig. 3A ).
Results

Transfection with wtmTOR plasmid influences the expression
The level of cIAP-1 was significantly higher in wtmTOR-transfected group compared with in control group, empty vector group, and addition of bufalin for 24 h (0.721±0.019, 0.731±0.248, 0.840±0.010 and 0.742±0.021, respectively; P<0.05). On the contrary, the expression of BAD was significantly lower in wtmTOR-transfected group than in the control and empty vector group, and then increased following addition of bufalin for 24 h (0.929±0.046, 0.944±0.060, 0.779±0.182 and 1.029±0.049, respectively; P<0.05; Fig. 3B ).
Morphological analysis of ECA109 cells by Giemsa staining.
To confirm that bufalin induced the morphology of apoptosis in ECA109 cells, ECA109 cells was treated with 60 nmol/l bufalin for 48 h and then Giemsa staining was performed. The apoptotic morphology was evident in bufalin-treated cells under a microscope at x400 magnification, including cytoplasmic shrinkage, nuclear condensation and the formation of apoptotic bodies (Fig. 4) . However, no apoptotic morphology was observed in the control-treated cells.
Changes to ECA109 cells apoptotic rate and cell cycle detected by flow cytometry. Flow cytometry results showed that the apoptotic rate was gradually increased following addition of bufalin at concentrations of 0, 20, 40, 60, 80 and 100 nmol/l for 24 h (3.01±0.317, 3.67±0.306, 6.74±0.198, 7.59±0.340, 18.22±0.651 and 28.60±1.737%, respectively; P<0.05) (Fig. 5) . The cell cycle of ECA109 was arrested at G 2 /M phase, and the cell percentage of G 2 /M is increased from 9.24±1.919 to 70.5±2.934% following addition of bufalin from 0 nmol/l to 100 nmol/l; this difference was statistically significant (Fig. 6) .
The apoptotic rate of the cells in the different groups were examined, the results of which revealed that the apoptotic rate was significantly lower in wtmTOR-transfected group compared with in the control group, empty vector groups, and 
Discussion
Esophageal carcinoma is a high-incidence malignancy in China, which also has a high morbidity and mortality rate in the rest of the world (16) . The genesis and development of this disease is a complicated process, including the accumulation and interaction of several factors, phases and multiple gene variations. Patients are primarily treated with surgery combining with radiotherapy, chemotherapy or immunotherapy; however, the 5-year survival rate remains low and the prognosis of patients is poor (2, 5) . The genesis and development of tumor is closely associated with abnormities to signaling pathways (14, 17) . The apoptosis signaling pathway activated by bufalin has attracted considerable attention (7-9); however, there is little research on esophageal carcinoma and the exact mechanism by which this pathway is activated is unclear.
Apoptosis is a cell defense mechanism to eliminate malignant cells and has a notable role in preventing tumor development. In fact, a number of anticancer drugs function primarily to induce apoptosis through regulating apoptosis-associated signaling (18, 19) . Bufalin is a member of a class of toxic steroids purified from the traditional Chinese medicine Chansu. Previous studies have revealed that bufalin also exhibited antitumor effects; it induced the differentiation and apoptosis of leukemia HL-60 cells, and induce the apoptosis of gastric cancer cells, colon cancer cells and breast cancer cells (20) (21) (22) . Bufalin could therefore induce cell cycle arrest and/or apoptosis as concentration increased. The cell cycle is divided into G 0 /G 1 , S, and G 2 /M phases, which refers to the presynthetic phase, synthesis period, and post-synthetic phase of DNA, respectively (23) . The cell cycle is a useful Figure 3 . Western blot analysis of protein expression in the four different cell groups. (A) Expression of p70S6K and p-p70S6K in different groups were detected by western blot. The level of p-p70S6K was significantly higher in wtmTOR plasmid transfected group comparing with control and empty vector group, and then reduced following addition of bufalin 2 h. (B) Expression cIAP-1 and BAD in different groups were detected by western blot analysis. The level of cIAP-1 was significantly higher in wtmTOR plasmid transfected group comparing with control and empty vector group, and then decreased following addition of bufalin for 24 h. Contrarily, the expression of BAD was significantly lower in wtmTOR plasmid transfected group. * P<0.05 vs. wtmTOR-transfected group. Group 1, control; group 2, empty vector-transfected; group 3, wtmTOR-transfected; group 4, 60 nmol/l bufalin. p-p70S6K, phosphorylated p70 S6 kinase; wtmTOR, wild-type mechanistic target of rapamycin; BAD, Bcl-2-associated death promoter. index for judging the status of cell proliferation. At present, there are several reports concerning bufalin-induced cell cycle retardation. A prior study revealed that bufalin mainly induced G 2 /M phase arrest in leukemia ML1 cells (24) . Another study reported that bufalin could induce G 0 /G 1 phase arrest in endometriosis matrix cell (25) . Together, these results demonstrated that the influence of bufalin on cell cycle varied in different cells. However, the present study assessed whether bufalin could induce apoptosis in esophageal carcinoma cells and arrest the cell cycle. In the current study, flow cytometry analysis demonstrated that as bufalin concentration increased (0, 20, 40, 60, 80, 100 nmol/l) the apoptotic rate of ECA109 increased from 3.01±0.317% (bufalin, 0 nmol/l) to 28.60±1.737% (bufalin, 100 nmol/l) at 24 h of treatment with bufalin. The percentage of cells in G 2 /M phase was 70.5±2.934% compared with that in control group, which was 9.24±1.919%. The expression of cIAP-1 protein, which is a member of the IAP family, gradually decreased as the time of bufalin incubation increased effecting on esophageal carcinoma cells ECA109.
The expression of the apoptosis-promoting gene BAD, which belongs to the Bcl-2 family, gradually increased as the time of incubation increased. These results revealed that bufalin might induce cell cycle arrest at G 2 /M phase, and affect apoptosis of ECA109 cells on in a time-and dose-dependent manner.
A variety of signaling pathways are abnormally activated in the development of tumor; one such pathway, the PI3K/Akt/mTOR pathway, has been demonstrated to serve an essential role in the genesis of esophageal carcinoma. The PI3K/Akt/mTOR pathway is a notable signal transduction pathway that mediates tumor cell apoptosis. Activation of this pathway could inhibit apoptosis, increase cell cycle progression, and accordingly improve the survival and proliferation of tumor cells (12, 15, 26) . mTOR contributes to the genesis and development of a variety of malignancies, including breast cancer (27) and lung cancer (28) . mTOR accelerates the translation and expression of protein, alters the cell cycle distribution, affects apoptosis and participates in adjusting multiple types of physiological and pathological changes in the organism, mainly through phosphorylating the main signal factors p70S6K and Eukaryotic translation initiation factor 4E-binding protein 1 (4E-BP1) downstream (13, 29) . Activated mTOR can positively regulate the translation of S6K1, which phosphorylates p70S6 downstream, and promotes protein synthesis; this process promotes the synthesis of protein (15, 29) . 4E-BP1 is another notable regulation pathway downstream of mTOR; it combines with the cap-binding protein in its dephosphorylated state, inhibiting the origin of translation. Activated mTOR can phosphorylate 4E-BP1, and eukaryotic translation initiation factor 4E is released and form compound with other translation original factors, initiating translation and accelerating the expression of proteins associated with growth and differentiation (30) . Therefore, the PI3K/Akt/mTOR pathway is considered to be an essential signaling pathway in protein synthesis that participates in the regulation of cellular proliferation, differentiation and apoptosis.
The present study successfully transfected the active mTOR plasmid wtmTOR into the ECA109 cell line. Previous studies revealed that the consisting activated mTOR signaling pathway could promote the transformation of normal cells to tumor cells (9, 31) . If the tumor cells could be reverted to the non-transformation form in vitro following inhibition of the mTOR signal transduction pathway, this reversion could have a role in inhibiting tumor development. Accordingly, the present study used bufalin in different treatment groups and assessed the changes in activation of the mTOR signaling pathway and the apoptosis-associated proteins cIAP-1 and BAD. The levels of p-p70S6K level in the wtmTOR-transfected group increased as the transfection period increased, and reached the maximum value at 24 h, and then gradually decreased; however, the Figure 6 . Flow cytometry analysis of cell cycle following the addition of different concentrations of bufalin. The cell cycle of ECA109 was arrested at G 2 /M phase. Group 1, 0 nmol/l; group 2, 20 nmol/l; group 3, 40 nmol/l; group 4, 60 nmol/l; group 5, 80 nmol/l; group 6, 100 nmol/l. expression of p70S6K did not evidently change. For different treatment groups, the level of p70S6K activated (that is, p-p70S6K) in wtmTOR-transfected group was evidently higher than in the control, empty vector-transfected and bufalin-treated group. The transfection of plasmid makes the activation of p70S6K increase, whereas bufalin could inhibit this process. The expression of cIAP-1 was higher in the wtmTOR-transfected group than the others, despite the lower expression of BAD than in the other three groups, which revealed that transfection with this plasmid inhibited cell apoptosis, whereas bufalin promotes cell apoptosis. The results of the present study indicated that bufalin could inhibit the development of esophageal carcinoma by inhibiting the mTOR pathway and inducing cell apoptosis.
In summary, the results of the present study indicate that bufalin induces cell apoptosis through inhibiting the activation of the mTOR/p70S6K signaling pathway. These results indicated that bufalin could be used for clinical treatment and provided an experimental basis and future direction for the treatment of esophageal carcinoma. Bufalin may represent a novel antitumor drug, meaning that its feasibility and clinical utility degree should be thoroughly investigated.
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